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Description 

The present invention relates to a constant flow and controlled ventilation, pressure responsive 
pulmotor. More particularly, the present invention relates to a pressure responsive pulmotor of the type 
s mentioned above wherein means are provided for a control action intended for keying and detecting the 
behavior of the ventilation operation and possibly for modifying the same in real time according to the 
current needs. 

There are already known pressure responsive pulmotors making use of mechanical devices, such as for 
instance of aneroid pressure gauges for controlling and reading pressure values, so supplying only 
10 incomplete and approximate information about what is occurring within the circuit in which the patient is 
inserted. 

In addition, the drawback of the manual recording of information data which requires quite long working 

times and implies the possibility of information ioss adds to such uncontrolled running of the leaving 

parameters for carrying out correctly the ventilation operation. 
75 More recently, in the U.S.-A-4.323.064 (1982) a volume ventilator is disclosed which includes a plurality 

of integrated electronic modes of operation for providing a patient with a flow breathing gas under pressure, 

said integrated modes corresponding to sign, assist inspiratory pause and PEEP, a valve system controlling 

the flow of gas to the patient during expiration and inspiration phases. 

Although this ventilator constitutes a remarkable improvement with respect to the medical ventilators 
20 already known in the art, however it does not provide an immediate possibility of controlling the breathing 

conditions of the patient without previously reading out the actual pressure time and other parameters on 

the front panel. 

Moreover the general structure and organization of this known ventilator is very complicate and requires 

several integrated modes which still more increase both the apparatus and the maintenance costs thereof. 
25 It is thus an object of the present invention to provide a pulmotor adapted to display, in real time, on a 

video screen the instantaneous breathing of the patient, the form of respiration waves based on a diagram, 

having pressure (cm H 2 0) on its ordinates and times (sec.) on the abscisses. The pressure waves show in 

real time the values of MiP and MAP which are essential for controlling immediately the behaviour of the 

ventilations when the working conditions change. 
30 Moreover, the pulmotor claimed in the present invention is much simpler with respect to the ones 

described in the prior art and requires three valves only. 

A further advantage of the invention is a simple control of inhalation expiration times (Ti, Te) which are 

set on a single pinchcock solenoid valve arranged downstream of the expiration valve, thus avoiding to 

separately set the inhalation and expiration valves respectively. 
35 It is clearly evident that there is the need for a constant flow pressure responsive pulmotor in which the 

intervention of the processing means causes visually observable information to be presented to the operator 

so as to allow an immediate control to be performed of mechanical ventilation, adapting the same to the 

clinical requirements and eliminating thus the above-said drawbacks. 

In practice, and this normally occurs in the control system of the present invention, one or more 
40 parameters are keyed which can be defined as the keyed parameters and are characteristic of the operation 

and which are of such values as to exert on the operation itself the desired controlling action. More 

specifically, they are; 

- inhalation time Ti 

- exspiration time Te 
45 - peak pressure PIP 

- final inhalation pressure PEEP 

- pressure increase rate (flow in 1 /minute). 

Such keyed parameters correspond to those which are to be subjected to the desired behavior, and 
specifically: 
so - the inhalation rate (Rate) 

- the inhalation/expiration ratio l/E 

- the waveform (triangular wave, square wave) 

- the pressure gradient between PIP and PEEP 

- the mean inhalation pressure MIP 

55 - the mean pressure over a whole respiratory cycle MAP 

which parameters allow the operator to estimate clinically the behavior of the therapeutical treatment as 
each one of them has a well definite clinical meaning. 
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Accordingly, the optimization of the control function proposed by the present invention during the 
artificial breathing by pulmotor means to offer to the operator the immediate visual perception even at a 
distance of some meters of the whole behavior of the base parameter, i.e. of the pressure applied to the 
respiratory apparatus of the patient. 
5 In order to correctly estimate the importance of the controlled parameters mentioned above in 

performing a suitable ventilation for the patient, it is opportune to recall even as a brief overview, their 
specific meaning. 

THE PEAK INHALATION PRESSURE (PIP) 

w 

The peak inhalation pressure level is the main parameter in determining the volume of the fluid (air + 
oxygen) administered to the patient. In case of respiratory insufficiency due to extrapulmonar causes 
(apnoea crisis, drug depressions and so on) a low PIP will be enough for assuring a suitable volume; in 
case of respiratory insufficiency consequent to a pulmonary disease with reduced compliance (RDS, 
75 bronchopneumonia, pulmonary oedema) a higher PIP value will be required. 

Pressures of insufficient values will prevent a good oxygenation and a suitable removal of CO2 from 
occurring; pressures of excessive values can be the cause of interstitial emphysema, pulmonary breaking 
pneumomediastinum, pneumothorax, and can prevent the venous return from occurring (arterial hypoten- 
sion). 

20 The selection of the PIP level to be employed can tentatively be based on the percentage concentration 
of oxygen in the air necessarily inhaled by the patient; i.e., the air the oxygen demand, the air the PIP level 
to be employed which can be obtained from the ventilation tables; the clinical estimate of thorax expansion 
is also an important parameter. 

25 BREATHING RATE FR-THE i/E RATIO 

In new-born babies, breathing rates are commonly employed between 40 and 60 breathing acts/minute; 
air rates (up to 120 acts/minute) can be of benefit in some particular clinical conditions such as the 
persistency of foetal circulation or of diaphragm hernia. 
30 In the absence of severe pulmonary diseases, the optimal Ti value is of about 0.4-0.5 sec; in case of 
remarkable reduction of the pulmonary compliance with the need for high percentage concentrations of 
oxygen in the inhaled air, the valve of Ti can be increased up to 0.7-0.8 sec for improving oxygenation. 

When the clinical conditions are better, the Ti value is to be again reduced. 

Once the optimal values of Ti and PIP have been keyed, the value of Te is to be adjusted so as to 
35 assure a respiratory rate which keeps the partial pressure of CO2 in artery blood between 30 and 40 mm 
Hg; the usual values change between 0.5 and 1 sec so as to obtain a breathing rate between 30 and 40 
breathing acts/minute. When long Ti values or high breathing rates are employed, the Te value is to be 
reduced; too short a Te value may however be insufficient in allowing a complete expiration with the 
consequent trapping of gases within the circuit and the breathing apparatus. 
40 The value of the l/E ratio depends on the value of the Ti keyed by the operator for obtaining an optimal 
oxygenation as well as on the Te value for allowing a suitable elimination of CO2; accordingly such ratio is 
always a derived parameter which is never set forth in advance. 

FLOWRATE - THE WAVEFORM 

45 

The flowrates normally employed are variable between 2 and 10 l/minute; the fiowrate also determins 
the pressure waveform. 

A low fiowrate gives rise to a triangular-type wave which is more physiological and less traumatic: the 
pressure rises slowly up to the desired level almost at the end of the Ti time. A high fiowrate gives rise to a 
50 square-type waveform: the pressure rapidly reaches up to the desired level and keeps such value for the 
whole duration of Ti (the plateau or inhalation pause). 

The length of the plateau at a given Ti can thus be varied by increasing or decreasing the fiowrate. 

In the approaching phase it is always advisable to use a triangular waveform; in case of remarkable 
reduction of the pulmonary compliance with a strong need for a percentage concentration of oxygen in the 
55 air inhaled, it will be necessary to have recourse to a square waveform for better oxygenation. 

The employment of too high flowrates causes the risk of pulmonary breaking; on the contrary, too low a 
fiowrate may not be enough for reaching the pressure level desired. 
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MEAN PRESSURE AT THE LEVEL OF THE BREATHING APPARATUS 

The mean pressure at the ieve! of the breathing apparatus (MAP) joints out the average value of 
pressure at the level of the breathing apparatus during a whole breathing cycle, and expresses the 
5 integration of all parameters intervening in its formation: PIP, Ti, Te, the pressure waveform and PEEP; its 
value can be calculated by solving the following equation: 

MAP = K (PIP - PEEP) . Ti/(Ti + Te) + PEEP 

w where K is a constant depending on the pressure increase rate; if the wave is of the square type, the value 
of K is close to 1 whereas if the wave is triangular the value of K is of about 0.5. 

The value of the MAP can also be increased by increasing the inhalation fiowrate so as to obtain a 
square wave; or by increasing the level of PIP; or by increasing the value of Ti; or by increasing the PEEP 
value. 

75 

MEAN INHALATION PRESSURE 

The mean inhalation pressure (MIP) points out the average value of pressure at the breathing apparatus 
level during an inhalation act; as Te is excluded, its value is certainly more efficient that that of MAP in 
20 expressing by a single datum the integration of the parameters which determin the kind of wave employed 
and accordingly it is of higher usefulness as a leading or guiding parameter for running the ventilation 
operation. Its value can be calculated by solving the equation : 

MIP = K (PIP). 

25 

THE EXPIRATION END POSITIVE PRESSURE 

The positive expiration end pressure (PEEP) acts by increasing the residual functional capability and 
hence: 

30 - it avoids the alveolar collapse 

- it exerts a protective action on the surfactant 

- it decreases the resistance of the breathing apparatus 

Thus, it determines the improvement of the alveolar ventilation and of the ratio between the ventilation 
and the perfusion. 

35 In order to satisfy such requirement, the present invention suggests the employment of a constant flow 
pressure responsive pulmotor as a single unit provided with a control electronic system for the processing 
of the keyed parameter into controlled parameters which can be visualized during the whole operation of 
the ventilation apparatus, on a monitoring screen which is connected to a printing unit. 

According to the present invention and on the basis of the preceding considerations, a constant flow 

40 pressure responsive pulmotor is suggested which is characterized in that it comprises in a single unit 
mixing means for the proportioning of the amounts of air and oxygen, means for the regulation of the flow 
fed to the inhalation conduit in which some valve means are provided for intercepting the flow in 
correspondence to a maximum value set forth previously of the inhalation pressure (V MAX ) and humidifying 
and heating means controlled by a servo system, solenoid valve means inserted in the expiration conduit, 

45 such conduit being provided at its discharge end with valve means for discharging the air breathed out in 
correspondence to a minimum pressure valve (V MlN ), an electronic processor unit for converting the keyed 
parameters into controlled parameters, keyboard means for keying said keyed parameters, monitoring 
means for visualizing said controlled parameters and printing unit means for the transcription of said 
controlled parameters, as said electronic processor unit is provided with an information file for keying and 

50 running correctly the ventilation operations. 

According to a preferred embodiment of the present invention, the control board of said electronic 
processor unit comprises calibrated knob means for the regulation of the oxygen concentration in the 
mixture and for the regulation of the air-oxygen mixture fiowrate; push button means for keying the values 
of the inhalation and expiration pressures which are intended for the adjustment of said valves V M ax and 

55 V M in. knob means for keying the inhalation and expiration times, and knob means for keying the alarm 
values respectively for the maximum and the minimum values of pressure; key means for the activation and 
disactivation of the video image and of the printing unit. 
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Said knob means are prearranged for keying said oxygen percentage at values from 21 to 100 % and 
the flowrate of the feed mixture from 0 to 20 l/minute. Some sound alarm means are also provided which 
become active when the pressure level between the two circuits coming from the air source and from the 
oxygen source exceeds the value of 1 atmosphere. 
5 It is also to keep in mind that the maximum service pressure that can be sustained by the mixer 

flowmeter is of 6 atmospheres (the best service pressure is of 3.5 atmospheres). 

According to a preferred embodiment, the monitor screen is provided in its upper portion with a 
subdivision into small boxes in which the values of the following parameters are visualized: 

- the breathing rate (Rate) 
w - the inhalation time Ti 

- the expiration time Te 

- the ratio l/E 

the level of Pmax (PIP) 

- the mean inhalation pressure value and the mean pressure in the whole respiratory cycle MIP-MAP 
75 - the pressure level at the end of the expiration PEEP 

- the ventilation time stored 

and in its lower portion, with a space for the visual presentation, on a pressure-time plot, of the pressure 
waveform as a function of the time between the successive inhalation (PIP) and expiration (PEEP) phases, 
said pressure waves pointing out in real time the value of the mean pressure in the respiratory apparatus 
20 during a whole respiratory cycle (MAP) as well as the mean value of pressures during the inhalation cycle 
only (MIP). 

Pressure waves go into the video (of the monitor) from left to right, so eliminating the preceding image, 
The construction of such plot occurs in real time by means of the continuous detection of the instantaneous 
pressure in the patient's circuit and its transduction into an electric signal. Such signal is of the analog type 
25 as it varies continuously in time. Such signal in addition is to be converted into a sequence of binary digits 
at the rate of one pulse per 30 ms for its employment in the operative unit. 

The particular meaning of the MAP can be observed as the controlled parameter which is representa- 
tive of all keyed parameters intervening in the keying operations of the respiratory cycle. Indeed, said MAP 
is the value of the average pressure at which the respiratory apparatus is exposed during a whole cycle 
so and, as already mentioned above, it can be calculated by solving the following equation 

MAP = K (PIP - PEEP) . Ti/(Ti + Te) + PEEP) 

wherein K is a constant that depends on the pressure increase rate. Accordingly, said MAP can be 
35 controlled through keying: 

1) the pressure increase rate 

2) PIP 

3) Ti 

4) PEEP 
40 5) Te. 

The value of the MAP is correlated to the patient's oxygenation degree. However, there is the possibility 
that the operation of controlling such value is in contrast to the elimination of CO2: the PEEP increase 
improved the oxygenation as it increases the value of the MAP, but it lowers the volume flow as it lowers 
the pressure gradient. 

45 Accordingly, the assumption of oxygen at alveolar level depends on MIP in a more direct and 

autonomous way, said MIP being the mean value of pressure during inhalation. 

The control of the MIP is thus effected by the parameters with which the inhalation phase is keyed: the 

pressure increase rate, the value of Ti and the value of PIP. It follows from the above that, in the general 

balance of mechanical ventilation, a good running of the inhalation phase is based on the search for of the 
50 MIP value that is suitable to give a sure optimal oxygenation and at the same time to cause the least 

possible damage. 

The graphical expression of the MIP as the measure of the area under the inhalation pressure curve is 
an information which is abundant in shades of meaning. Indeed, the control of the inhalation measure offers 
the advantage of visualizing a formal characteristic of the MIP: the shape of the wave is usually controlled 
55 on the basis of the pulmonary disease type. 

I is well evident that such control allows the estimate to be carried out of all changes in the measure of 
the areas under the pressure wave curve so giving the operator an accurate information about the value of 
said MIP and obviously, by inclusion of the Te, also of the MAP. 
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As can be deducted, the distance between the PIP and the PEEP is proportional to the volume of the 
gas that is made to flow up to the patient in unit time. The image of such distance as appears on the video 
of the control system of the present invention is integrated with the image of the distance that separates an 
inhalation peak from the other one. 

5 Accordingly, the first one of two such intervals in the plane (which is the representation of the Ap as the 

ordinates) gives an idea of the volume flow whereas the second one (that is the representation of Te as the 
abscissas) gives the operator the visual perception of the breathing rate (see also Figure 7-8). 

The breathing rate together with the volume flow contributes to form the volume minute of which the 
CO2 eliminated is a function. 

70 Thus the Te shows the parameter to be keyed in order to obtain, through the control of the breathing 
rate, the C0 2 desired. The ratio l/E accordingly is not an application previously set forth of a treatment 
scheme but it is simply a derived value resulting from a mental process of deductive type in which the 
problem of respiratory insufficiency is tackled in a selective way through the independent running of the two 
phases of the artificial respiratory cycfe. 

15 According to a preferred embodiment of the pressure responsive puimotor of the present invention, said 
solenoid valve means are made up of a pinchcock solenoid valve which can be rapidly substituted and 
exerts its action on the outer surface of the conduit of the expiration air. The puimotor according to the 
present invention is also advantageously endowed with a spare solenoid valve which can be employed in 
case of fault. 

20 Again advantageously, a bottle can be provided in the conduit of the expired air downstream the valve 
V M | N for the collection of the condensate. 

Advantageously, key control means are provided on the control board for the variation of the 
representation scale of the pressure waveform on the video. 

Moreover, the electronic processing unit contains a file of information data regarding the operations for 
25 the preparation of the patient to ventilation, as well as the operations of intubation and connection to the 
puimotor and of prescription of intervention during the working cycle. 

The puimotor is previously arranged in a suitable way for connection to a heart rate meter for automatic 
intervention in case of bradycardia. 

Therefore, it is a general object of the present invention to provide a constant flow and controlled 
30 ventilation puimotor responsive to the istantaneous pressure of a patient, comprising: 

- mixing means for proportioning amounts of air and oxygen in a desired ratio for an air and oxygen 
mixture; 

- regulations means for receiving the air and oxygen mixture from said mixing means and regulating the 
flow rate of the mixture; 

35 - a ventilation conduit having one end connected with said regulation means and the other end with a 
three way connector connected to the patient; 

- a humidifier-heater, controlled by a servosystem, being inserted into said ventilation conduit for 
humidifying said mixture; 

- a maximum pressure-responsive inhalation valve, responsive to the inhalation pressure (PIP) of the air 
40 and oxygen mixture, being arranged on said ventilation conduit upstream to said humidifier-heater to 

intercept the flow at a present maximum value (Vmax); 

- a minimum pressure (PEEP) responsive expiration valve responsive to the expiration pressure of the 
patient; 

- means for setting alone values for said maximum and minimum values; 

45 - an expiration conduit having its one end connected to said connector and the other end connected 
with said minimum pressure valve to discharge air at a present value corresponding to a minimum 
value (Vmin); 

- a keyboard for keying in parameters and 

- printing means for the trascription of the controlled parameters; 
50 characterized in that: 

- a transducer conduit is provided having its one end connected to the connector and a transducing unit 
connected to the other end of the tranducer conduit for continuously detecting in real time a value of 
the instantanous respiration pressure of the patient and supplying an electrical signal indicative 
thereof; 

55 - a pinchcock solenoid valve is arranged on said expiration conduit upstream of said expiration valve 
and is adapted to be opened and closed intermittently for times of exhalation and inhalation (Te, Ti) 
adjustable from said keyboard and 
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- an electronic processor unit is provided for processing signals received from said transducer unit and 
transmitting the processed signals to a monitoring screen so as to continuously visualize the signals 
both as numerals, indicating instantaneous breathing parameters, such as flow rate (FR), inhalation 
and expiration times (Ti, Te), their ratio l/E, PIP, MIP, MAP, PPEP and respiration waveforms for 
5 continuously visualizing in real time, as pressure waveforms, the instantaneous breathing behaviour of 

a patient, whereby a person operating the pulmotor may continuously monitor the form of the 
breathing wave of the patient and, if advisable, adjust the parameters by said keyboard in dependance 
on the respirator waveform visualized on the videoscreen. 
The present invention will be disclosed in the following just for illustrative and not for limitative purposes 
10 with reference to the enclosed drawings wherein: 

Figures 1 , 2 and 3 represent a scheme of the basic elements which the puimotor of the present invention 
is made up of with the indication of the inhalation circuit of air and oxygen mixture and of discharge of 
the expiration air, respectively dur : ng inhalation, including the discharge of the excess gas once the 
desired value for ventilation and expiration is reached; 
75 Figures 4 and 5 represent a front view of the front and back portion of the pulmotor according to the 
present invention: 

Figure 6 represents a front view of the front part of the upper portion of the pulmotor of the Figures 4 
and 5; and 

Figures 7 and 8 represent diagrams of the pressure waves in the temporal succession of working which 

20 appear on the monitor that is associated to the pulmotor according to Figures 4 and 5. 

With particular reference to Figures 1, 2 and 3, the feeding lines can be observed of oxygen and air, 
respectively 0 2 and A, to the proportioning unit 1 wherein the percentage oxygen in the feed mixture is 
determined within a range between 21 and 100 %. The mixture (O2 and A) so obtained passes from that 
unit to the flowmeter 2 wherein the feed flow to the inhalation conduit 3 can be adjusted within a range of 

25 values between 0 and 20 l/minute, 

A valve 4 (VMAX) limiting the value of the inhalation pressure (PIP) is provided in said conduit 3, such 
valve intervening in correspondence to a maximum value set forth previously for the inhalation pressure. 

The humidifier-heater 5 is provided along said conduit 3 downstream to valve 4, said humidifier-heater 
being controlled by the servo system 6. The conduit 3 is connected to the patient P who has been 

30 intubated previously through the three-ways connection unit 7. The conduit 8 for the expiration air and the 
conduit 9 which is connected through a transducing unit 10 to said electronic processor unit 11 which is 
provided with a monitor, are both connected to said connector 7, 

A pinchcock solenoid valve 12 is provided along said conduit 8, said solenoid valve operating on the 
outer surface of said conduit so as to warrant optimal boundaries to the sterility conditions. The conduit 9 

35 has at one of its ends the valve 13 (V M in) intervening for opening said conduit and for discharging the 
inhaled air till the expiration pressure (PEEP) reaches the minimum pre-established value (Figure 3). 

As a matter of practice, the flowmeter 2 dispenses a constant flow of air and oxygen which flow through 
the ventilation circuit 3; the value 12 closes intermittently and for a predetermined time Ti the expiration 
way so as to deviate the gas flow to the patient (Figure 1). As already mentioned above, the basic 

40 parameter for the ventilation of the patient is the insufflation pressure (PIP); when such pressure reaches the 
desired level inside the circuit, any excess of gas that is possibly present is eliminated into the environment 
by the vaive 4 (V M ax) that limitates the value of maximum pressure, and is arranged along the inhalation 
way 3. This fact allows the fine adjustment to be obtained of the maximum inhalation pressure and also 
allows such pressure level to be kept during the whole further inhalation time (Figure 2). 

45 The valve 13 (V M | N ) is arranged, as already mentioned above, at the end of the expiration circuit, said 
valve offering an adjustable resistance to the outflow of gas in correspondence to the opening and closing 
of the expiration conduit controlled by said solenoid valve 12, thus allowing the end expiration pressure to 
be finely adjusted (Figure 3). The transducer continuously detects the instantaneous pressure in the 
ventilation circuit so supplying the signal to the control electronic system which also provides the 

50 processing of data and their visualization on the video 1 1 . 

A clear vision of the outer structure of the unitary system consisting of the puimotor with electronic 
control of the image can be obtained by observing Figures 4 and 5. 

With a detailed observation starting from the top and proceeding downwards, the presence can be 
remarked of the monitoring screen 11 which is connected to an electronic processing unit (not shown), of 

55 the control board 14 of the work operations (which is shown in a more detailed way in Figure 6), of the 
printing unit 15 collected into a single structure resting on the frame 16 running on the wheels 17. The rear 
view (Figure 5) shows in addition as essential members the outlet 18 for feeding the gas mixture to the 
patient and the return 19 of the expiration gas from the patient, the connection 20 for the pressure detecting 
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pipe, the rapid-type connections 21 and 22 respectively for oxygen and air and the pinchcock soienoid 
valve 23 which operates on the expiration conduit 8 and an identical spare solenoid valve 24 housed in a 
suitable groove, the valves V MAX and V MfN which are pointed out by the numerals 25 and 26, the connection 
conduit 27 for the discharge which is endowed with the bottle 28 for the collection of the condensate. 

5 Figure 6 shows in its essential details the monitoring group with the screen 11 and the control board 14. 
On said control board 14, the presence can be observed from right to left first of all of the knobs for the 
regulation of the concentration of O2 and of air in the feed mixture and respectively for the regulation of the 
flowrate of the O2 and air mixture to the pulmotor, which knobs are pointed out by the numerals 29 and 30 
and operate on calibrated housings in the range from 21 to 100 % as for the oxygen percentage and from 0 

10 to 20 l/minute as regards the feed flowrate of the mixture. 

Next the key control means 31 and 32 are provided for keying the keyed parameters consisting 
respectively of the inhalation and the expiration pressure, then the knobs 33 and 34 are provided for keying 
the minimum and maximum pressure values beyond which an alarm system intervenes and then the knobs 
35 and 36 for keying respectively the times Ti and Te. 

75 A series of keys 37-44 in the central zone allows, in a succession from the left to the right the 
operations of "freezing" and of "thawing" of the video image to be performed, as well as the operations of 
changing the scale of representation, of turning the page of the file kit of the processor unit, of printing and 
of the timer. 

The screen 11 shows on the contrary an upper space bearing eight small boxes divided into two 
20 overlapping lines for the visualization of the following parameters: rate, Ti, Te, l/E, PIP, MIP-MAP, PEEP, 
and the ventilation time during employment of the pulmotor. 

In the lower part, the space is allowed on a diagram with pressures expressed as cm H 2 0 on the 
ordinates and times in seconds as the abscissas, for the visualization of the pressure waves that show 
objectively in real time the values of the MIP and MAP which are essential for controlling immediately the 
25 behavior of the ventilations when the working conditions are changed. 

In the next Figures 7 and 8 the representations are shown on an enlarged scale of various pressure 
waves, more particularly Figure 7 shows the pressure waveform 45 which appears in real as a result of the 
continuous detection of the instantaneous pressure in the patient's circuit and the transduction of such 
pressure into an electric signal as a function of Te and Ti values as well as of PIP and PEEP values all 
30 previously set forth. 

Figure 8 shows in a better way the meaning of the pressure waves 45 which allow, as already 
mentioned above, the values of MIP and MAP to be estimated for a previously established difference 
between PIP and PEEP and the respiratory rate FR. The dotted zone 46 shows with its total area the value 
of MAP + MIP, the value of MIP being given by the rectangular area between the axis of the abscissas and 
35 the parallel line corresponding to the PEEP value during the inhalation act. 

The present invention will be disclosed in the following in its application to a particular clinical case so 
as to make it clear the understanding of the characteristics of efficiency and reliability of the apparatus of 
the invention itself. 



40 THE HYALINE MEMBRANES DISEASE 

A baby, the first of a pair of twins, the son of T.C. E.G. 35 weeks; weight kg 2 (25 0 centile); Apgar 7-9. 

About one hour after birth the new-born baby begins to show dispnoea and cyanosis crisis: the baby is 
hospitalized in the new-bom department where the baby arrives, aged six hours in very serious general 
45 conditions; the clinical symptoms characterize a severe respiratory insufficiency. The baby is intubated and 
connected to the M.O.G./2000 pulmotor working on the following parameters: 

Ti = 0,4 sec F i 0 2 = 1 

60 Te - 0,6 sec PIP = 20 cmH 0 

FR = 60/min PEEP = 3-4 cmH 0 



55 The radiological diagnosis confirms the suspicion of MIP. 

After improvement of short duration of the clinical conditions, such conditions begin to get worse and a 
Pa0 2 higher than 50 mmHg cannot be obtained even with a PIP increase from 20 to 28 cmH 2 0 to increase 
the volume flow; moreover, the baby looks very restless and clearly wrestling with the pulmotor. 
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When the baby is aged 15 hours the decision is made of treating the patient with curare to warrant a 
good adaptation to the pulmotor and to modify the parameters of latter in an attempt at improving 

ventilation. 

In the following disclosure reference is made to the further Figures 9-16 wherein the pressures on the 
5 ordinates are reported as cmH2 0 and times in seconds are reported as the abscissas. 

Figure 9 shows the printing obtained in real time of the parameters of the pulmotor and of the pressure 
waveform detected in the ventilation circuit shortly after the treatment of the baby with curare and the 
change of parameters. 

The following considerations can be obtained from the analysis of such Figure: 
ro 1) the value of Ti has been increased from 0.4 to 0.8 seconds; on the contrary the value of Te is kept 
unchanged; thus the ratio l/E is inverted. 

The employment of a long Ti is made optimal by the treatment with curare and it allows the 
realization to be obtained of a pressure wave of the square type, i.e. the pressure increase rate 
(stemming from the value of the flowrate) is of such a value as to allow the desired PIP of 28 cm H2O to 
w be rapidly reached and then to be kept for the remaining part of Ti (the plateau or inhalation pause), 

The small pressure oscillations detectable above all during the inhalation pause can be referred to 
the presence of the condensate in the circuit, 

2) The value which is best correlated singly with the oxygenation degree, above all in the hyaline 
membranes disease is the MIP that is determined by the integration of the three parameters involved in 

20 the formation of the pressure wave, i.e. Ti, flowrate (or flowrate from which the waveform stems) and PIP 
(that determines the value of Vt (Fig-jre 10). 

The increase in Ti and the inhalation pause (the square waveform) with an Increase in the MIP, 
cause the oxygenation to be improved, first of all because in that way the diffusion of O2 at the alveolar 
level as well as a more uniform distribution of the gas among zones having different compliances (a 

25 compliance difference implies different times of alveolar filling, i.e., both "rapid" and "slow" alveoli exist) 
are both favored; thus the formation of atelectasias is contrasted, with a constant improvement of the V/Q 
ratio. On the contrary, the use of a rapid Ti with triangular waveforms can cause the ventilation mainly of 
the alveoli which ar already expanded and the increase of PIP beyond the limit which is necessary to 
assure a good expansion, causes the risk of hyperdistension and breaking. Finally it is to be remarked 

30 that the increment of PIP in a waveform of such a type will cause a low increase in MIP, to the contrary 
of what occurs with a square-type wave and with a long Ti. 

3) The analysis of gas (Fig.9) which was carried out shortly after such changes, shows a good vetilation: 
the value of the FR is sufficient to warrant an adequate elimination of C0 2 and then any change in Te is 
useless. 

35 In the next ten hours (Fig. 11) it was possible to decrease gradually the value of RO2 down to the value 
of 0.6; the other parameters were left unchanged except for the value of PIP that was lowered to 25 cmH 2 0. 

The decrease in the 0 2 percentage to warrant a good oxygenation is an index of gradual improvement 
in the pulmonary pathology, which is to be followed by a similarly gradual decrease in the insufflation 
pressures employed (PIP and MIP). 
40 It is to be remarked in Figure 1 1 that the absence of condensate water from ventilation circuit (or of 
secretions from the tracheal cannula) allows a graphic image to be obtained which is free from oscillations. 
The clinical conditions of the baby continue to improve and when the baby is aged 40 hours the F1O2 has 
decreased down to 0.4 (Fig. 12). 

From the analysis of Figure 12 the following comments can be made: 
45 1) the PIP reduction from 25 to 18 omhfeC is correct, the need being considered for a less percentage of 
the O2 inhaled; 

2) the Ti value is too long; the operator in order to key a l/E ratio of 1/1, i.e. in order to make such Ti 
more physiological and in order to decrease simultaneously the value of the FR in order to make the 
PaC0 2 to increase and then to start the removal of curare, has keyed a Ti/Te of 1 sec/1 sec. While this 
50 philosophy is correct for Te, it is definitely uncorrect as regards Ti. Indeed, the correct procedure would 
have been that of reducing Ti with respect to the value previously employed (0.8 sec) and to modify the 
waveform so as to make the same more triangular (a lower flowrate so that the PIP is reached about at 
the end of Ti). 

Such mistake shows that it is conceptually erroneous to consider the l/E ratio as a basic parameter for 
55 ventilation; indeed, it is exclusively a datum that stems from the waveform type employed for realizing an 
optimal oxygenation (MIP) and from the time Te needed for obtaining a value of FR which is adequate for 
the elimination of C0 2 . 

Such mistake has been corrected in the following (Fig. 13), 
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Indeed, Figure 13 shows that the FR is equal to the preceding value, but the duration of Ti and of Te 
(and therefor the ratio l/E) has been much changed; moreover, a comparison of the waveform with that of 
Figure 11 shows that a decrease has been obtained both of the MIP and of the MAP, the first one through 
the reduction of Ti and of PIP, the second one above all through the increase in the Te and the reduction in 
PEEP. 

Finally, it is possible to observe during time Te the occurrence of small pressure oscillations which are 
due to the recovery of the patient's spontaneous breathing. 

Figures 14 and 15 show that the value of FR is further decreased under control of the Pa02, as the 
spontaneous breathing acts become more and more valid and regular. 

It is to be emphasized that in the waveforms linked to the spontaneous activity of the patient, the value 
of the CPAP is to be read at the top of the pressure wave, to the contrary of what occurs during the iPPV; 
in the latter instance indeed the breathing dynamics is inverted. 

The patient has been finallv placed in a single continuous flow (Figure 16) and then disintubated and 
placed in CPAP + 3 emhbO with a cannula through the nostril. 

The present invention has been disclosed with particular reference to some specific embodiments of 
the same but it is to be understood that modifications and changes can be introduced in the same without 
departing from the scope of the invention as defined in the appended claims. 

Claims 

20 

1. A constant flow and controlled ventilation pulmotor responsive to the istantaneous pressure of a patient, 

comprising: 

- mixing means (1) for proportioning amounts of air and oxygen in a desired ratio for an air and 
oxygen mixture; 

25 - regulations means (2) for receiving the air and oxygen mixture from said mixing means and 

regulating the flow rate of the mixture; 

- a ventilation conduit (3) having one end connected with said regulation means and the other end 
with a three way connector (7) connected to the patient; 

- a humidifier-heater (5), controlled by a servosystem (6), being inserted into said ventilation 
30 conduit (3) for humidifying said mixture; 

- a maximum pressure-responsive inhalation valve (4), responsive to the inhalation pressure (PIP) 
of the air and oxygen mixture, being arranged on said ventilation conduit upstream to said 
humidifier-heater (5) to intercept the flow at a preset maximum value (Vmax); 

- a minimum pressure (PEEP) responsive expiration valve (13) responsive to the expiration 
35 pressure of the patient to discharge air at a value corresponding to a preset minimum (Vmin); 

- means for setting alone values for said maximum and minimum values; 

- an expiration conduit (8) having its one end connected to said connector (7) and the other end 
connected with said minimum pressure valve (13) to discharge air at a present value correspond- 
ing to a minimum value (Vmin); 

40 - a keyboard (14) for keying in parameters and 

- printing means (15) for the trascription of the controlled parameters; 
characterized in that: 

- a transducer conduit (9) is provided having its one end connected to the connector and a 
transducing unit (10) connected to the other end of the tranducer conduit for continuously 

45 detecting in real time a value of the instantanous respiration pressure of the patient and supplying 

an electrical signal indicative thereof; 

- a pinchcock solenoid valve (12) is arranged on said expiration conduit (8) upstream of said 
expiration valve (13) and is adapted to be opened and closed intermittently for times of exhalation 
and inhalation (Te, Ti) adjustable from said keyboard (14) and 

50 - an electronic processor unit is provided for processing signals received from said transducer unit 

(10) and transmitting the processed signals to a monitoring screen (11) so as to continuously 
visualize the signals both as numerals, indicating instantaneous breathing parameters, such as 
flow rate (FR), inhalation and expiration times (Ti, Te), their ratio l/E, PIP, MIP, MAP, PPEP and 
respiration waveforms for continuously visualizing in real time, as pressure waveforms, the 

55 instantaneous breathing behaviour of a patient, whereby a person operating the pulmotor may 

continuously monitor the form of the breathing wave of the patient and, if advisable, adjust the 
parameters by said keyboard in dependance on the respirator waveform visualized on the 
videoscreen. 
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Patentanspruche 

1. Beatmungsgeraet mit konstantem Durchfluss und gesteurterter Beatmung, gesteurt durch den Moment- 
andruck des Patienten, wobei das Geraet folgende Mittel enthaelt: 
5 - Mischmittel (1) zur Dosierung der Luft- und Sauerstoffmengen im gewuenschten Verhaeltnis fuer 

ein Luft- und Sauerstoffgemisch; 

- Einstellmittel (2) zur Aufnahme des Luft- und Sauerstoffgemisches von den vorgenannten Misch- 
mitteln und zur Einsteliung der Fiussmenge des Gemisches; 

- eine Beatmungsleitung (3), deren ein Ende mit den vorgenannten Einstellmitteln und das andere 
10 Ende mit einem mit dem Patient verbundenen Dreiweg-Anschlusstueck (7) verbunden ist; 

- eine Benetzungs- und Erwaermungseinrichtung (5) die durch ein Servo- System (6) gesteuert und 
in die vorgenannte Beatmungsleitung (3) zur Benetzung des Gemisches angeordnet ist; 

- ein durch den Maximaidruck gesteurtes Inhalationsventii (4), das durch den Inhalationsdruck (PIP) 
des Luft- und Sauerstoffgemisches gesteuert und an der vorgenannten Beatmungsleitung der 

75 vorgenannten Benetzungs- und Erwaermungseinrichtung zum Auffangen des Fiusses bei einem 

vorbestimmten Maximalwert (Vmax) vorgeordnet ist; 

- ein durch den Minimaldruck (PEEP) gesteuertes Inhalationsventii (13), das beim Ausatmungs- 
druck des Patentien, zum Auslassen der Luft bei einem dem vorbestimmten Minimum (Vmin) 
entsprechenden Wert anspricht; 

20 - Mittel zur Einsteliung der vorgenannten Maximal- und Minimalwerten; 

- eine Ausatmungsleitung (8), deren ein Ende mit dem vorgenannten Auschlussstueck (7) und das 
andere Ende mit dem vorgenannten Minimaldruckventil (13) zum Auslassen der Luft bei dem 
dem Minimalwert (Vmin) entsprechenden vorbestimmten Wert verbunden ist; 

- ein Tastbrett (14) zum Einfuehren von Parametern und 

25 - Druckmitte! (15) zum Abschreiben der gesteuerten Parameter; 

dadurch gekennzeichnet, dass: 

- ein Transduktor-Leiter (9) vorgesehen ist, dessen ein Ende mit dem Anschlussstueck und das 
andere Ende mit einer Transduktor.Einheit (10) zur kontinuierlichen sofortigen Ermittelung des 
augenblicklichen Wertes des Atemdruckes des Patienten und zum Absenden eines entsprechen- 

30 den Signals verbunden ist; 

- ein eine Gummirohrzange steuerndes Solenoidventil (12) an der vorgenannten Beatmungsleitung 
(8) dem vorgenannten Beatmungsventil vorgeordnet ist und zu den am genannten Tastbrett (14) 
einstellbaren Zeiten abwechselnd geoeffnet und geschlossen werden kann und 

- eine elektronische Processor-Einheit zur Ausarbeitung der von der vorgenannten Transduktor- 
35 Einheit (10) erhaltenen Signale und zur Uebersendung der ausgearbeiteten Signale an einen 

Monitorschirm vorgesehen ist, urn fortgehend die Momentan-Parameter der Beatmung sei es als 
Zahlen, wie Fiussmenge (FR), Inhalations- und Ausatmungszeiten (Ti.Te), deren Verhaeltnisse l/E, 
PIP,MIP,MAP,PPEP und sei es als Atmungs-Wellenform anzuzeigen, urn so in Realzeit das 
Atmungsverhalten eines Patienten in der Wellenform des Druckes sichtbar zu machen, wodurch 
40 der Bediener des Beatmungsgeraetes die Form der Atmungswelle des Patienten folgen und 

gegebenfalls die Parameter in Abhaengigkeit von der am Videoschirm sichtbaren Wellenform des 
Atems einstellen kann. 

Revencllcations 

45 

1. Respirateur artificial a debit constant et a ventilation controlled, sensible a la pression instantanee d'un 
patient, comprenant: 

- des moyens de melange (1) pour proportioner ies quantites de I'air et de I'oxygene a un rapport 
desire pour un melange de i'air et de I'oxygene; 

so - de moyens de regulation (2) pour recevoir la melange de I'air et de I'oxygene desdits moyens de 

melange et r£guler le debit de la melange; 

- une conduite de ventilation (3), ayant un bout joint auxdits moyens de regulation et lautre bout 
joint a un connecteur a trois voies (7) joint au patient; 

- un humidificateur-rechauffer (5), controlie par un servosystema (6), etant insere dans ladite 
55 conduite de ventilation (3) pcur humidifier ladite melange; 

- une vanne d'inhalation sensible a la pression maximum (4), controlled par la pression d'inhalation 
(PIP) de la melange de I'air et de I'oxygene, etant situee sur ladite conduite de ventilation en 
amont dudit humidificateur-rechauffer (5) pour intercepter I'ecoulement a un valeur maximum 
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predetermine (Vmax); 

une vanne d'expiration (13) sensible a la pression minimum (PEEP), controlled par la pression 
d'expiration du patient, pour decharger fair a un valeur correspondant a une pression minimum 
(Vmin); 

de moyens pour introduir lesdits valours maximum et minimum; 

une conduite d'expiration (8), dont un bout est joint audit connecteur (7) et ('autre bout a ladite 
valve de pression minimum (13), pour decharger Tair a un vaieur introduit correspondant a un 
valeur minimum (Vmin); 

une clavier (14) pour introduir des paiametres et 

moyens d'impression (15) pour imprimer les parametres controllers; 

un conducteur de transduction (9) est joint, a un de ses bouts avec le connecteur et a Pautre bout 
avec une unite de transduction (10) pour d^tecter continueilement, dans le temps reel, un vaieur 
de la pression de respiration instantanee du patient et pour envoyer un signal electrique 
correspondant; 

une vanne a solenoide (12) a pinse est placee sur ladite conduite d'expiration (8) en amont de 
ladite vanne d'expiration (13) et peut etre ouvree et fermee par intermittence pour de temps 
d'exhaiation et d'inhalation (Te,Ti) reglabies par ledit clavier (14) et 

un ordinateur £lectronique est arrange* pour ^laborer de signals recus de ladite unite de 
transduction (10) et transmettre les signals elabores a un ecran moniteur (11) de fagon a 
visualizer continueilement les signals soft comme de nombre, indicants de parametres de 
respiration instantaned, comme le d6bit (FR), les temps d'inhalation et d'expiration (Ti,Te), leur 
rapports l/E,PIP,MAP,PPEP, soit comme formes d'onde de respiration pour visualiser continueile- 
ment en temps reel, comme les formes d'onde de pression, le compartement de respiration 
instantane d'un patient, raison pour iaquelle un operateur du respirateur peut continueilement 
controller la forme de I'onde de respiration du patient et, en cas de besoin, regler les parametres 
au moyen dudit clavier, a la suite de la forme d'onde du respirateur visualised sur I'ecran. 
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